The behavior of seabirds away from the breeding colony is poorly understood. Recently, however, technologies have become available that promise to greatly expand our knowledge of the activity of birds at sea. ' Three of the control nests were disturbed by a storm on the second day of observations. Trips completed by mates in these nests after the storm were not included in analyses. every half hour, and the individual in attendance was identified and recorded. It was also noted if both members of a pair were present. The average number of chicks per nest for each group was 1.65, 1.43, and 1.87 chicks per nest in the control, radio transmitter, and TDR groups, respectively. At approximately 03:00 on 17 January, a strong storm moved into the Seal Island area, bringing with it exceptionally high surf which disrupted nests below the study area, leading some chicks to move up into the study area. Three of the control nests were disturbed by the storm. Foraging trips completed by the occupants of these nests after the storm were not included in analyses. No other nests were disturbed by the storm.
The number of trips and the mean duration of those trips are shown in Table 1 . A one-way analysis of variance (ANOVA) indicated that the foraging trip durations for the three groups were significantly different (F = 7.4, df = 2, P < 0.05). A multiple comparison (Gabriel 1978) revealed that the trip durations of the radio transmitter group were significantly longer than those of the control group (F = 16.9, df = 1, P < 0.05), while the TDR group's durations were not significantly different from either group (F= 1.8, df = 1, P = 0.183).
DISCUSSION
The radio transmitter's frontal cross sectional area (3.5 cm2) was about 2.3% of the penguins' frontal cross sectional area, while the TDR's frontal cross-sectional area (7.9 cm2) was about 5.3% of the penguins' frontal cross sectional area (150 cm2, pers. obs., D. Croll). Hydrodynamic drag is directly proportional to frontal area (Vogel 1981), thus the transmitters and TDRs increased swimming drag by 2.3 and 5.3%, respectively. Wilson et al. (1986) found that traveling speed (y) of African Penguins was related to the device's crosssectional area (x) as described by the equation y = 2.14 -0.063x. The cross-sectional area of an African Penguin (140.4 cm2) is similar to that of a Chinstrap Penguin (150 cm2). Based on the results of this equation, the radio transmitters may have decreased traveling speed by 7%, while the TDRs may have led to a 15% decrease in traveling speed. These potential decreases probably explain why the birds with attached devices had longer average trip durations: more time was needed to search an adequate area to obtain sufficient prey to satisfy the needs of the adult and to return with a food load for the chick(s).
It is not immediately clear, however, why the birds carrying TDRs, which had a much larger frontal area, did not make significantly longer trips. Wilson et al. (1989) found that while attached packages increased the foraging trip durations of Adelie Penguins, this effect was not observed until the packages had been on the birds for at least 19 days. In our study, the radio transmitters had already been on the birds for 14 days at the start of the study, while the TDRs had only been attached for four days. It may be that the chronic presence of a device is equally or more important than differences in instrument size in disrupting normal behavior. Another possible explanation may lie in the presence of the antenna on the transmitter package. Wanless et al. (1988b) found that Common Murres carrying transmitters with an external antenna spent less time at the colony, were absent for longer periods, and had reduced rates of prey delivery, while birds carrying transmitters with internal antennae behaved similarly to birds without instruments.
The nests of birds with attached radio transmitters contained, on average, fewer chicks than the control and TDR groups. Although this may have led to differences in nest attendance patterns between these groups, one would perhaps expect that pairs which were providing for only one chick would need to bring less food to the nest, and thus would have shorter, rather than longer, foraging trip durations.
As the use of attached devices such as radio transmitters, dive recorders, velocity meters, and satellite transmitters increases, it is important for researchers to recognize and evaluate the potential effects of such instruments in creating bias in the measurements being taken. It may be beneficial to place devices posteriorly, behind the point of greatest diameter of the animal as this would place the device past the point where laminar flow has changed to turbulent flow. Such placement would prevent the attached device from prematurely tripping the flow of the boundary fluid layer. Streamlining devices by rounding or faring the edges in a downstream direction will reduce the width of the device's wake and thus its drag (Vogel 1981). Handling times, attachment techniques, enhanced streamlining, and the effects of package configuration on behavior are all important factors to consider in selecting experimental protocols and equipment. Package design could benefit greatly from flume studies on the effects of attached instruments on the energetic cost of locomotion. Information gathered through direct visual observation without disturbance will undoubtedly provide the least biased data, in spite of the fact that such observations require long hours of monotonous vigil. In many situations, however, the desired data can only be obtained through the use of attached instruments.
